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Finalized concepts of operations
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Finalized System of Operations
• Mixing
• Randcastle vertical 
extruder
• Pelletizing
• Industrial Shredder
• Extruding
• SDSU LEADER Lab 
Extruder
• Printing
• Flash Forge
• Testing:
• Compression Testing (ASTM D695/D6641)
• Tensile Testing (ASTM D638)
• Flexural Testing (ASTM D790)
• Fatigue (Axial/Flexural) Testing (ASTM 
D7791/D774)
• Izod Impact Testing (ASTM D256)
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Risks in Manufacturing
Spooling
• Material Breaking on Regular Spool 
with small inner diameter
• Solution: replace with larger 
spool (Stratasys spool)
• Material on Spool Breaking while 
Fed to 3D Printer
• Solution: suspend spool 
above 3D printer to make 
path from spool to extruder 
more straight vs tight bend 
radius from back of machine 
over the top and back down 
to the extruder
Printing
• Rough, irregular filament
• Effects: nozzle plugged up and irregular flow rate
• Solution: adjust spooling setup to keep filament in better 
condition
• Poor Build Plate Adhesion
• Effects: part cannot print if the first layer does not adhere 
properly
• Solution: clean build plate, ABS/Acetone mixture
• Poor Final Print Quality
• Effects: parts had poor perimeter finish leading to compromised 
parts
• Solution: adjust coding in slicer software to call for slower travel 
speeds and set proper nozzle dimension
Destructive 
Testing and 
Results
Mechanical Properties
Tensile Strength 
(MPa)
Young’s 
Modulus 
(GPa)
Yield Strength 
(MPa)
Max Elongation 
(%)
Flexural 
Strength 
(MPa)
Commercial ABS 32-42 1.92-1.95 13-65 10 60 -73
ABS 33.41 ± 7.38 2.00 ± 0.36 32.07 ± 7.84 9.97 ± 0.90 56.94 ± 1.24
ABS & 10% BF 45.92 ± 2.06 3.66 ± 0.24 40.36 ± 1.90 2.82 ± 0.15 67.30  ± 1.69
ABS & 25% BF 48.07 ± 6.53 4.77 ± 1.48 44.03 ± 6.06 1.48 ± 0.46 66.95 ± 3.79
ABS & 40% BF 44.19 ± 2.7 4.41 ± 0.70 41.16 ± 2.63 1.50 ± 0.30 60.69 ± 2.56
Mechanical Properties
60%wt. Proof of Concept
• We wanted to achieve a material 
with basalt comprising the majority 
of the material
• Issues:
• Tension in the extrusion line pulls 
material apart
• Bending radius
• Results:
• With appropriate dimensions, 60%wt. 
can be printed!

Non-Destructive Testing
Tensile Sample (40% x100)
ABS & 40% BF
ABS & 40+% BF via laser microscope
25wt_x30
25wt_x50
25wt_x100
X-Ray Testing
Left to right: 0% BF, 25% BF, 40% BFX-Ray results in January using ball mill (10%wt.)
GEANT4 Simulation
Dosimeter
Shielding
Simulation Set-Up
Design*
• Approximately 100,000 gamma rays “fired” at shield in 
one-dimensional beam with varied distance
• Dosimeter
• Calcium Fluoride, CaF2
• Shield composition
• 75% ABS
• 25% BF
• Shield dimensions
• 0.5 x 10 x 10 cm
Chemical Breakdown
• Typical Composition of a Basalt sample:
• SiO2 @ ~50%wt.
• Al2 O3 @ ~14%wt.
• MgO @ ~12%wt.
• CaO @ ~10%wt.
• TiO2 @ ~0.5-2%wt.
• FeO @ ~12%wt.
• ABS Composition
• (C8H8)·(C4H6)·(C3H3N)
*Simulation was coded and compiled by Dr. Robert McTaggart. Special thanks to him and his efforts for running the simulation.
Sources
Basalt: L. Harnois and R. Stevenson, “Major and trace elements geochemistry of basalts and 
trachyphonolites from Huahine Island, Society archipelago (French Polynesia),” Bull. Soc. Geol, pp. 179–
186, 2006
ABS: Acrylonitrile Butadiene Styrene: Detailed Information About ABS and its Features,” Density of 
Plastics Material: Technical Properties Table. [Online]. Available: 
https://omnexus.specialchem.com/selection-guide/acrylonitrile-butadiene-styrene-abs-plastic 


Fiber Analysis Updates
Actual Percent Weight of Filaments
Post-Separation 
of 12mm fibers from 
ABS/Acetone solution
Post-Separation 
of 3mm fibers from 
ABS/Acetone solution
• Thorough Analysis
• Repetition of experiment
• Originally began with 25%wt
• 12mm sample had 10.27%
• 3mm sample had 22.48%
• Originally began with 40%wt
• 3mm sample had 35.75% 
System Updates and Current Work
New Fan Cooler
• Guides filament with proper 
airflow
• Allows complete hardening of 
filament before entering 
puller
• Contains variable speed fans 
to set air flow at desired rate.
• Features a digital voltmeter 
and ammeter.
Loss-In-Weight Feeder
• ABS and basalt fibers will be loaded into separate funnels.
• Two separate motors (one for ABS and the other for basalt 
fibers) will spin a screw conveyor at the desired weight ratio 
to allow consistent mixing.
• Will also eliminate fibers nesting at bottom of funnel which 
prevents proper mixing.
• Will save time from no longer hand feeding the extruder and 
eliminate human error by spilling any material when hand 
feeding the extruder.
Economic Worth
• Costs $19,733 per kg to transport material to space
• Costs less to transport 1m3 of ABS with 25% basalt fiber than 1m3 of 
aluminum to space.
2nd place out of design teams across all 
engineering, computer science , and 
agricultural disciplines 


Publication
• Currently beginning final testing for 
journal article
• Publications being considered:
• Advances in Polymer Technology
• Journal of Applied Polymer Science
• Journal of Composites Science
• Virtual and Physical Prototyping
Expected Deliverables
• 1 kg spool of material
• 25%BF ?? - Please let us know which version you want
• Full technical report
• Final draft of published manuscript
• Will send to Christopher Roberts for distribution at NASA before submitting to 
publisher
• Brochure from Engineering Expo
Questions?
Final Acknowledgments and Appreciation
Thank you for giving us the opportunity to work 
on this Xhab project. We have learned so much 
through this process and are excited to compile 
the work into a journal paper. We hope that 
South Dakota State University can collaborate 
with NASA again in the future in an effort to 
advance space exploration.
All the best,
SDSU NASA X-HAB TEAM
